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(54) Antenna device having two resonance frequencies 



(57) An aritenna device having two resonance fre- 
quencies wherein two radiating patches are respectively 
provided on one surface and on the other surface of a 
dielectric plate which is disposed above a ground plate 
with a space interposed therebetween. A coupling con- 
trol capacitor element is connected between these two 
radiating patches and resonance control capadtor ele- 
ments are connected between the radiating patches 
and the grourxi plate, respectively. Capacitance of the 
coupling control capacitor element is selected such that 
a current coupled from one of the two radiating patches 
to the other and a current supplied from the said one of 
the radiating patches to the other via the coupling con- 
trol capacitor element are in opposite phase at the other 
one of the radiating patches. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a compact size 
antenna device used in. for example, a communication 
system having a wide bandwidth or a comnrunication 
system for commonly using two or more communication 
systems, Particularly, the present invention relates to an 
antenna device having two resonance frequencies. 

Frg. 1 and 2 are diagrams showing prior art anten- 
nas. Fig. 1 shows a printed antenna having two radiat- 
ing patches disposed in opposing relation to each other. 
Fig. 2 shows a printed antenna having two radiating 
patches disposed laterally to each other in a common 
plane. Here, reference numerals 101 A. 101 B denote 
radiating patches composed of two conductor plates 
having different length or width from one another. A ref* 
erence numeral 102 denotes a feeder line, 103 a short- 
circuit metal plate extending between the radiating 
patches 101A. 1016 and a ground plate 104. and 120 a 
dielectric plate. In such a way, in a prior art antenna 
device, two resonance frequencies or a wide bandwidth 
are attempted on a single antenna by resonating the 
two different sized radiating patches at two different fre- 
quencies. 

In this case, if a ratio of the two resonance frequen- 
cies F|_ and Fh is larger than approximately 1.5 (i.e., 
1.5F|_ < Fh). it is relatively easy to materialize such an 
antenna device. However, it is difficult to resonate the 
antenna at such two close frequencies as having a ratio 
therebetween less than approximately 1.5 (Fl < F^ < 
1 .5Fl), or to attempt a wide bandwidth by using two 
close frequencies. This is because, since two reso- 
nance wavelengths are close to each other and two 
radiating patches are disposed very closely, a nriutual 
coupling between two radiating patches becomes large 
and the two radiating patches can be regarded as an 
electrically single body, thus diminishing the effect of 
using two radiating patches. This problem is significant 
in the case in which two radiating patches are disposed 
on upper and lower sides of the dielectric plate 120 as 
shown in Fig. 1 . However, this phenomenon is also sig- 
nificant in the antenna shown in Fig. 2. 

Further, since the space between two radiating 
patches must be large to suppress this problem, there is 
a shortcoming that the size of antenna becomes large. 
On the other hand, if, in a state where a coupling 
between the radiating patches is large, the antenna is 
forced to resonate at two close frequencies by using a 
matching circuit etc., there would also be a shortcoming 
that a loss in a matching circuit increases, and thus an 
antenna gain is reduced. 

Therefore, in a conventional antenna, there are fol- 
lowing shortcomings: (a) Since two radiating patches 
are disposed very closely, the coupling between them is 
very large and thus the antenna cannot be resonated at 
any desired frequencies; (b) When the antenna is reso- 
nated at two very close frequencies, or when a wide 



bandwidth is attempted by making those two frequen- 
cies much closer, the size of antenna becomes large 
since the space between the radiating patches must be 
large in order to loosen the coupling between the radiat- 
5 ing patches; (c) When the space between the radiating 
patches is made small and the antenna is forced to res- 
onate at two dose frequencies by a matching circuit 
etc.. the antenna gain is reduced. 

10 SUMMARY OF THE INVENTiON 

It is an object of the present invention to provide an 
antenna device which can resolve the above shortcom- 
ings of a conventional antenna and can resonates at 
15 desired two frequencies, wherein a space between radi- 
ating patches can be made small even if the antenna 
device resonates at two very close frequencies, thus the 
size of antenna is compact, and an antenna gain is not 
reduced. 

20 The antenna device according to the present inven- 
tion comprises: 

a ground plate; 

a dielectric plate disposed in parallel with the 

25 ground plate; 

at least two radiating patches disposed with a 
space therebetween in parallel with ground plate on 
the dielectric plate, one end of each of the radiating 
patches being electrically grounded to the ground 

30 plate; 

a feeder line having a inner conductor and an outer 
conductor substantially connected to at least one of 
the two radiating patches and the ground plate 
respectively; and 

35 a coupling control capacitor element connected 
between the radiating patches; 

wherein capacitance of the coupling control 
capacitor element is selected such that a current cou- 

40 pled from one of the two radiating patches to the other 
and a current supplied from said one of the two radiating 
patches to the other via the coupling control capacitor 
element are in opposite phase to each other at said 
other one of the radiating patches. 

45 In such a way. since two radiating patches are con- 
nected by the coiqDling control capacitor element, the 
two radiating patches can be disposed closely and, in 
addition, two dose resonance frequencies can be 
selected. 

50 

BRIEF DESCRIPTION OF DRAWINGS 

Rg. 1 is a perspective view diagram of a prior art 
antenna device; 
55 Fig. 2 is a perspective view diagram showing 
another example of a prior art antenna; 
Rg. 3 is a perspective view diagram showing a first 
embodiment of the present invention together with 
a metal endosure; 



2 



EP 0 777 295 A2 



Rg. 4 Is a diagram showing a return loss frequency 
characteristic of the antenna device of Rg. 3; 
Rg. 5 is a perspective view diagram showing a.sec- 
ond embodiment of the present invention; 
Rg. 6 is a diagram showing a return loss frequency 
characteristic of the antenna de\rice of Rg. 5; 
Rg. 7 is a perspective view cfiagpram showing a third 
emt)odiment of the present invention; 
Rg. 8 Is a diagram showing a return loss frequency 
characteristic of the antenna device of Rg. 7; 
Rg. 9 is a perspective view diagram showing a 
fourth embodiment of the present Invention;. 
Rg. 1 0A is a diagram showing a return loss fre- 
quency characteristic of the antenna device of Rg. 
9; 

Rg. 10B is a diagram showing a VSWR frequency 
characteristic of the antenna device of Rg. 9; 
Rg. 11 is a perspective view diagram showing a 
fifth embodiment of the present invention; 
Rg. 12 is a diagram showing a return loss fre- 
quency characteristic of the antenna device of Rg. 
11; 

Rg. 13 is a perspective view diagram showing a 
sixth embodiment of the present invention; . 
Fig. 14 is a diagram showing a retum loss fre- 
quency characteristic of the antenna device of Rg. 
13; and 

Rg. 15 is a perspective view diagram showing a 
seventh embodiment of the present invention. 

DETAIL DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 : 

Fig. 3 shows a first embodiment of the present 
invention. Two quadrangular radiating patches 1A and 
1 B, which are disposed to interpose a quadrangufar die- 
lectric plate 20 therebetween and face to each other, 
are connected to a ground plate 6 at two points, in this 
case at both ends of one side of each of the two radiat- 
ing patches 1A and IB by grounding metal plates 5 A 
and 5B respectively. One point, in this example one of 
the mutually opposite end points, on each of the sides 
(referred to as open ended sides, hereinafter) la and lb 
g opposite the grounded sides is connected to the 
ground plate 6 via a corresponding one of resonance 
control capacitor elements 4A and 48. In this embodi- 
ment, the open ended sides la and lb to which the 
capacitor elements 4A, 4B are connected are not in par- 
allel with each other but are oblique in opposite direc- 
tions. A coupling control capacitor element 2 is coupled 
between these oblique sides according to the principle 
of the present invention. The capacitance Cq of the cou- 
pling control capacitor element 2 is adjusted so tfiat the 
current coupled from one of the two radiating patches 
. 1 A and IB to tine other and the current supplied from the 
same one of the two radiating patches to the other via 
the coupling control capacitor element 2 are in opposite 



phase to each other at the other one of the radiating 
patches. 

A reference numeral 3 denotes a coaxial feeder 
line, 5A and 5B denote grounding metal plates, and 6 

5 denotes a ground plate. The purpose for forming the 
open ended sides la and lb of the radiating patches 1 A 
and IB obliquely in opposite directions is to make the 
resonance frequency bandvvidth of each radiating patch 
wider by varying the length in Z axis direction along 

10 which standing waves are formed. Also, the purpose for 
forming the sides la and lb in non-parallel is to provid- 
ing a non-overlapped portion between the opposed 
radiating patches, thereby increasing feasibility for 
adjusting the resonance point by each of the capacitor 

IS elements 4A arid 4B. The inner conductor of ttie coaxial 
feeder tine 3 is connected to one side of one of ttie radi- 
ating patches, lA in this example, at a point between 
tiie two grounding metal plates 5A and 5B, and tfie 
outer conductor of the feeder line 3 is connected to tiie 

20 ground plate 6. The position of the connection point for. 
the inner conductor is determined by a measurement so 
that the impedance of the antenna device viewed from 
the connection point may substantially match the char- 
acteristic impedance of the feeder line 3, for example 50 

25 ohms. 

In such a way. a coupling between the radiating 
patches can be controlled by disposing the radiating 
patches 1 A and 1 B facing each other in dose proximity 
and substantially in parallel with the ground plate 6. 

30 However, the capacitance Cq of the coupling confrol 
capacitor element 2 and tiie capacitances Ci, C2 0f the 
resonance confrol capacitor elements 4A and 4B must 
be adjusted in accordance with the shapes of the radiat- 
ing patches and the desired resonance frequendes. 

35 The respective heights L3 + and L4 of tfie radiating 
patches 1A and IB from the ground plate 6 together 
witii the mean length (L, - L5/2) of the radiating patch in 
Z axis direction are factors for determining the reso- 
nance frequency of each radiating patch. The distance 

40 L3 between the two radiating patches 1A and 1B is a 
factor for determining the difference between the reso- 
nance frequendes. Each radiating patch can be reso- 
nated at a desired frequency by adjusting these lengths 
Lv L3, and L5. and capacitances and Cg. In addi- 

45 tion, the shortcoming that the size of antenna becomes 
large can also be obviated since the space L3 between 
the two radiating patches can be made relatively small 
even if the antenna is resonated at two very close fre- 
quencies. 

50 In order to prove this, a measurement result on the 
antenna device having a structure of Fig. 3 is shown in 
Rg. 4. In this case, the dimensions of the portions of the 
antenna device shown in the figure are = L2 = 30 mm, 
L3 = 1.6 mm, 1-4 = 5 mm and L5 = 10 mm, the capaci- 

55 tances are Cq = 1 .5 pF. = 0.5 pF and C2 = 1 pF, and 
the relative permittivity e,. is = 3.6. The measurement 
was carried out by mounting the antenna device on a 
surface of a rectangular metal case (not shown) having 
the dimensions of 130 x 40 x 20 mm and acting as the 
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ground plate 6. The measured return loss frequency 
characteristic is shown in Fig. 4. Fig. 4 apparently 
shows a two resonance characteristic and shows that 
the antenna device resonates at approximately 820 
MHz and 875 MHz. in this case, the drfference between 5 
the resonance frequencies is in the degree of 6 %. Even 
with such a simple structure and such a small spacing 
L3 between the two radiating patches 1 A and 1 B as only 
1.6 mm, the antenna device can be resonated at two 
very close frequencies. This has not been possible in a 10 
prior art antenna device. Furthermore, as apparent from 
the figure, very high antenna gain can be attained at 
both frequencies. Also, the efficiency of the antenna 
device of the present invention was measured and high 
values such as -2.4 dB at 820 MHz and -1 .8 dB at 875 is 
MHz were obtained. Thus. It has been proven by an 
experiment that the antenna device of the present 
invention can resonate at desired two frequencies and 
can be of a small size and a high gain. 

In this case, even if the shape and size etc. of these 20 
radiating patches are selected different from those of 
the foregoing embodiments, similar effect can be 
obtained by appropriately selecting the heights L3 -f L4 
and L4 of the respective radiating patches 1A and IB 
from the grourxi plate 6 and the capacitances of the res- 25 
onance control capacitor elements 4A and 4B. Moreo- 
ver, the capacitor elements 2, 4A and 4B can be 
constituted by such distributed elements as that formed 
of printed conductors rather than discrete elements. 

30 

Embodiment 2: 

Fig. 5 shows a second embodiment of the present 
invention wherein a single grounding metal plate 5 is 
used. The two radiating patches 1A and IB are the 35 
same right-angled quadrangles having the same dimen- 
sions and are disposed facing to one another and inter- 
posing therebetween the dielectric plate 20 having the 
same shape. In this example, both ends of the coupling 
control capacitor element 2 are connected to the sides 40 
of the radiating patches 1A and IB, respectively, to 
which the grounding metal plate 5 is connected. In addi- 
tion, the resonance control capacitor element 4B for one 
radiating patch 1 B is connected to a midpoint of a side 
adjacent to the side to which the grounding metal plate 45 
5 is connected. The resonance frequencies of the two 
radiating patches 1A and IB are adjusted to predeter- 
mined values by the capacitances and C2 of the res- 
onance control capacitor elements 4 A and 4B, 
respectively. In this example, = 0.5 pF and Cg = 1 pF. 50 
The capacitance Cq of the coupling control capacitor 
element 2 is Cq = 0.5 pF. The dimensions of the portions 
shown in the figure are = L2 = 30 mm, L3 = 1.6 mm, 
L4 = 5 mm, and the relative permittivity of the dielectric 
plate 20 is = 2.6. The connecting positions of the ss 
capacitors and the dimensions of the portions were 
determined through an experimental analysis. In such a 
way, a small size and wide band antenna device can be 
materialized. 



Rg. 6 shows a return loss frequency characteristic 
of the antenna device shown in Fig. 5. Also in this case, 
the measurement was carried out by mounting the 
antenna device in a rectangular metal case having the 
dimensions of 130 x 40 x 20 mm. As apparent from Fig. 
6. the antenna device resonates at two points, i.e., 820 
MHz and 875 MHz. In addition, the efficiency of the 
antenna device of the present invention was measured 
and high values such as -1 .2 dB at 820 MHz and -0.9 dB 
at 875 MHz were obtained. In such a way. it has been 
proven by an experiment that the antenna device of the 
present invention can resonate at desired two frequen- 
cies and can be of a small size and a high gain. 

Embodiment 3: 

Rg. 7 shows a third embodiment of the present 
invention wherein the right-angled quadrangular radiat- 
ing patches 1 A and 1 B are made smaller than the fore- 
going embodiments 1 and 2, and one side of one 
radiating patch Is connected by a short-circuit metal 
plate 1 C to the corresponding one side of the other radi- 
ating patch throughout the entire length of the side. This 
short- circuit metal plate 1C is connected at the center 
of the length direction thereof to the grourKi plate 6 by a 
grounding metal wire 5 and the coaxial feeder line 3 is 
connected to the short-drcuit metal plate 1 C. The reso- 
nance control capacitor elements 4A and 48 are con- 
nected to tiie mutually opposite ends of the open ended 
sides la and lb, respectively, which are opposite the 
short-circuit metal 1C. The coupling control capacitor 
element 2 is connected between midpoints of the open 
ended sides la and lb. By employing such a structure, 
an antenna device of much smaller size and much wider 
bandwidth can be nnaterialized. 

Rg. 8 shows a retum loss frequency characteristic 
of the antenna device shown in Fig. 7. The dimensions 
of various portions and the capacitances of the capaci- 
tor elements of this antenna device are = L2 = 25 
mm, L3 = 0.6 mm. U = 5 mm, Cq = 2 pF, Ci = 0.45 pF 
and C2 = 0.3 pF, and the relative permittivity of the die- 
lectric plate 20 is = 2.6. Also in this case, the antenna 
device is mounted in the same rectangular metal case 
as in the previous embodiments. As seen in the figure, 
the antenna device apparently resonates at two points, 
i.e., at approximately 818 MHz and 875 MHz. However, 
in this case, each bandwidth is narrow a littie. The effect 
in this case is tiie same as in the previous embodi- 
ments. 

Embodiment 4: 

Rg. 9 shows a fourth embodiment of the present 
invention wherein, a triangular metal plate 7 is con- 
nected to the lower side of the short-circuit metal plate 
1C of the third embodiment of Fig. 7 such that tiie one 
side of the triangular metal plate 7 extends from one 
end of the lower side of the short-circuit metal plate 1C 
to the connection point of the grounding metal wire 5. 
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The triangular rrietal plate 7 is disposed perpendicularly, 
toward the ground plate 6 such that the lower end apex 
is facing to the ground plate 6 with a space interposed 
therebetween, and the coaxial feeder line 3 is con- 
nected to the lower end apex of the triangular metal 5 
plate 7 via an impedance adjusting capacitor 8. A wider 
bandwidth resonance characteristic can be obtained by 
feeding a power from an apex of such a triangular metal . 
plate 7. In this case, an anterina device of further 
smaller size and wider bandwidth can be achieved. w 

Fig. 10A and Fig. 10B show measured results of 
return loss and VSWR. respectively. The dimensional 
parameters of the antenna are the same as those in the 
embodiment 3 of Fig. 7. As apparent from the figures, 
the antenna device apparently resonates at two fre- is 
quendes, i.e., at approximately 818 MHz and 875 MHz. 
Comparing to the characteristic of the embodiment 3 
(Fig. 7). it can be understood that the resonarice band- 
width around 818 MHz is narrower a little and reso- 
nance bandwidth around 875 MHz is considerably 20 
wider. In this case. VSWR is VSWR < 2.5 at each 
marker point. 

Embodiments: 

25 

Fig. 1 1 shows a fifth enijodiment of the present ; 
invention wherein the capacitor elements are disposed 
on the ground plate 6 and these capacitor elements are 
connected to each radiating patches via metal wires 
respectively. Similarly to the embodiment of Fig. 7, one 30 
side of the radiating patch 1 A Is connected to one corre- 
sponding side of the radiating patch IB by the short-dr- 
cuit metal plate 1C throughout the entire length of the 
sides, and the inner conductor and the outer corKiuctor 
of the coeudal feeder line 3 are connected to the short- 3S 
circuit metal plate 1C and the ground plate 6. respec- 
tively Furthermore, the short-drcuit metal plate 1C is 
connected to the ground plate 6 by the grounding metal 
wire 5. In this embodirnent, conductor leads 9A and 98 
respectively connected to the mutually opposite ends of 40 
the open ended sides 1 a and lb of the radiating patches 
1 A and 1 B are extended toward the ground plate 6 and 
are bent at right angles on a rectangular insulating 
spacer 1 1 provided on the upper surface of the ground 
plate 6 ladng to the open ended sides la and lb of the 4S 
radiating patches, and are further extended toward 
each other on the spacer 1 1 to form conductor leads 
10A, 108 such that their end portions are opposed to 
each other with a space interposed therebetween. One 
terminal of the resonance confol capacitor 4A is con- so 
necled to the bending point between the conductor 
leads 9A and ipA and one terminal of the resonance 
control capacitor 4B is connected to the bending point 
between the conductor leads 98 and 108. The other ter- 
minals of the resonance control capacitors 4A and 48 ss 
are connected to the ground plate 6. Both terminals of 
the coupling control capacitor element 2 are respec- 
tively connected to the end jDortions of the conduQtor 
leads 10A and 108. 



Since the capacitor elements 2, 4A and 4B can be 
mounted on the ground plate S via the spacer 11 or 
directly together with the other components (not shown) 
of a radio apparatus in the same production step by 
using the conductor leads 9A, 98, 10A and 108, the 
production effidency becomes high and the use of the 
conductor leads is very advantageous. 

Rg. 12 shows a measurement result of the return 
loss of the antenna device according to the embodiment 
of Fig. 1 1 . The dimensions of the various portions of the 
antenna device are L-i = Lg = 30 mm, L<5 = 1 .6 mm, and 
L4 s 5 mm. The capadtances of the capacitor elements 
2. 4A and 48 are C© = 1.5 pF, Ci = 0.3 pF. and C2 = 0,8 
pF. As apparent from the figure, even if the capacitor 
elements are disposed on the ground plate, the meas- 
urement result apparently indicates two resonance 
characteristic similarly to the previous embodinnents. 

Embodiment 6: 

Rg. 13 shows a sixth embodiment of the present 
invention. In this embodiment two radiating patches 1 A 
and IB are formed on the same surface of a right- 
angled quadrangular dielectric plate 20. with a space D 
interposed therebetween. A grounding metal plate 5 is 
disposed extended along the entire length of one side- 
wall surface of the dielectric plate 20 in the direction in 
which the radiating pertches 1A and IB are arranged. 
The upper side of the grounding metal plate 5 is con- 
nected to one side of each of the two radiating patches 
1A and IB throughout the entire length thereot The 
lower side of the grounding metal plate 5 is connected 
to the ground plate 6. Further, a metal plate 1 C of width 
Wfbr interconnecting the two racfiating patches 1A, IB 
is disposed on the same surface of the dielectric plate 
20 where the two radiating patches are formed. One 
side edge of the metal plate 1C is connected to the 
grounding plate 5. The resonance control capacitor ele- 
ments 4A and 4B are connected ksetween the end points 
farthest from each other on the open ended sides la 
and lb of the radiating patches 1A, IB and the ground 
plate 6 respectively On tiie other hand, the coupling 
contror capacitor element 2 is connected between the 
end points closest to each other on the open ended 
sides la and 1b of the two radiating patches 1 A and IB. 
The inner conductor of the coaxial feeder line 3 is con- 
nected to a side of one radiating patch (the radiating 
patch 1 8 in this case) opposite from the other radiation 
patch 1A. However, ttie inner conductor of the coaxial 
feeder line 3 may be connected to on the same side of 
one radiating patch as. the other radiation patch 1A. 
With this anangement. an antenna device having a wide 
bandwidth can be achieved in spite of a flat platei. 

Rg. 14 shows the return loss measured on the 
antenna device of the embodiment of Rg. 13. The 
dimensions of the various portions are = L2 =* 30 mm, 
L3 = 4.8 mm, D = 1 mm and W = 3 mm. The capaci- 
tances of the capacitor elements are Co = 2.0 pF, Ci = 
0.8 pF and C2 = 1 .1 pF. As apparent from the figure, the 
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antenna device resonates at 820 MHz and at 875 MHz. 
In such a way, it is possible to resonate the antenna 
device at two close frequencies as in the aforemen- 
tioned embodiments even if the antenna device is 
arranged such that the two radiating patches 1 A and 1 B 
are disposed in parallel on a same plane with a space of 
only 1 mm interposed the^ebe^A'een. As a result, a 
snnall size and high gain antenna device can be 
obtained. 

The radiating patches 1A and IB in the embodi- 
ments of Figs. 3, 5. 7, 9 and 1 1 may be disposed in par- 
allel on a same plane similarly to Rg. 1 3. 

Errtoodlment 7: 

Fig. 15 shows a mobile radio set employing an 
antenna of the present invention together with a whip 
antenna to form a diversity system. The antenna device 
50 of the present invention and the whqD antenna 12 are 
disposed such that the polarization directions 50 A and 
12A of radiation which provide maximum gains to the 
antenna device 50 and the whip antenna 12, respec- 
tively, are mutually orthogonal. In this case, the refer- 
ence numerals 1-10 denote those components of the 
same reference numerals in the foregoing embodi- 
ments. The reference numeral 12 denotes the whip 
antenna, 13 a case of the mobile radio apparatus, 14 a 
feeder line of the whip antenna and 1 5 an internal radio 
circuit. When two antennas are disposed in such a way, 
coupling between the whip antenna 12 and the antenna 
of the present invention 50 is reduced as a whole radio 
apparatus maintaining the wide bandwidth characteris- 
tic and their gains are increased. This is because the 
polarization directions of the whip antenna and the built- 
in antenna for the maximum gains are mutually orthog- 
onal. 

That Is. In this embodiment, it is also possible that 
the antenna device can be resonated at two arbitrary 
frequencies. Also, the antenna device is small in size 
and high in gain. A higher gain can also be obtained 
I when the antenna, device is used in combination with 
another antenna as in a diversity arrangement etc. 

EFFECT OF THE INVENTION 

As explained above, the present antenna device 
can be resonated at two desired frequencies by con- 
necting tiie coupling control capacitor element 2 
between the two radiating patches 1 A and IB, and by 
connecting, when necessary, tiie resonance control 
capacitor elements 4A and 48 between the radiating 
patches and Uie ground panel, respectively. Thus, since 
the radiating patches can be disposed with a small 
space therebetween even if the antenna device is reso- 
nated at very close frequencies, the size of the antenna 
device does not become large, and thus a small size 
and wide bandwidth (or resonating at two frequencies) 
antenna device can be achieved. 
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Claims 

1 . An antenna device comprising: 

5 a ground plate; 

a dielectric plate disposed in parallel with said 
ground plate; 

at least two radiating patches disposed with a 

space therebetween in parallel with said 
10 ground plate on said dielectric plate, one end of 

each of said radiating patches being electrically 

grounded to said ground plate; 

a feeder line having a inner conductor and an 

outer conductor connected to at least one of 
IS said two radiating patches and said ground 

plate respectively; and 

a coupling control capacitor element connected . 
between said radiating patches; 

20 wherein capacitance of said coupling control 

capacitor element is selected such that a current 
coupled from one of said two radiating patches to 
the other and a cun-ent supplied from said one of 
said two radiating patches via said coupling control 

25 capacitor element are in opposite phase to each 
other at said other one of said radiating patches. 

2. The antenna device according to claim 1 . wherein 
said two radiating patches are disposed on one sur- 

30 face of said dielectric plate and on the otiier surface 
of said dielectric plate in opposing relation to each 
other, and said dielectric plate is disposed in paral- 
lel with said ground plate with a space interposed 
therebetween.. 

35 

3. The antenna device according to claim 1 . wherein 
said two radiating patches are disposed with a 
space interposed therebetween on a common 
upper surface of said dielectric plate disposed on 

40 said ground plate. 

4. The antenna device according to any one of claims 
1 , 2 and 3 wherein a first resonance control capac- 
itor element is connected between at least one of 

45 said two radiating patches and said ground plate for 
resonance control of said one radiating patch. 

5. The antenna device according to claim 4. wherein a 
second resonance control capacitor element is con- 

50 nected between ttie other one of said two radiating 
patches and said ground plate for resonance con- 
trol of said other radiating patch. 

6. The antenna device according to any one of claims 
55 1,2 and 3, wherein conductor leads connected to 

said two radiating patches, respectively, are 
extended such that end portions of the conductor 
leads oppose said ground panel and approach 
each other, and said coupling capacitor element is 
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12 



connected between the end portions of said con- 
ductor leads. 

7. The antenna device according to claim 6, wheran 
said conductor leads are disposed to extend on an 
upper surface of an insulating spacer provided on 
said ground plate such that the end portions of s^d 
conductor leads approach each other and a reso- 
nance control capacitor element is connected 
between at least one of said metal lead wires dis- 
posed on said insulating spacer and said ground 
metal. 

8. The antenna device accbrdirig to any one of claims 
1, 2 and 3. wherein each of said two radiating 
patches is a quadrangle having at least one side 
which is parallel with one side of the other radiating 
patch, and metal grounding means for grounding 
said one side of one radiating patch and said one 
side of the other radiating patch which are pareillel 
with one another to said ground panel is provided. 

9. The antenna device according to daim 8. wherein 
said metal grounding means includes at least one 
grounding metal panel for connecting at least one 
portion of each of said parallel sides of said two 
rad'ating patches to said ground panel. 

10. The antenna device according to daim 8. wherein 
said metal grounding means includes a short-drcuit 
metal plate for short-circuiting said parallel sides of 
said two radiating patches throughout the entire 
length and a grounding metal wire for connecting 
said short-drcuit metal plate to said ground plate. 

11. The antenna device according to claim 8. wherein 
said metal grounding means includes a short-circuit 
metal plate for short-circuiting said parallel sides of 
said two radiating patches throughout the entire 
lengtii and one side of said short-drcuit metal plate 
is connected to said ground plate. 
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a triangular metal plate having one side connected 
to said short-drcidt metal plate and an apex oppo- 
site said one side and being disposed in the proxinri- 
ity of said ground plate, is provided and the Inner 
conductor of said feeder line is electrically con- 
nected to said apex of said triangular metal plate. 

The antenna device according to daim 15. wherein 
the inner conductor of said feeder line is connected 
to said apex of said taperied metal plate via an 
impedance control capadtor element. 



17. The antenna device according to daim 10, wherein 
said coupling control capacitor element is con- 
75 nected between sides fadng respectively to said 
parallel sides of said two radiating patches. 



18. The antenna device according to any one of daims 
1. 2 and 3, wherein said antenna device is used in 
combination with, a whip antenna and is disposed 
such that its polarization directions of said antenna 
device and the whip antenna are orthogonal .to 
. each other.. 
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12. The antenna device according to claim 2, wherein 
each of said two radiating patches is a quadrangle 
having at least one side which is parallel with one 
side of the other radiating patch, and sides respec- 
tively fadng to said parallel sides are not parallel 
with one another. 



45 



13. The antenna device according to claim 12, wherein so 
said non-parallel sides are inclined against said 
parallel sides in mutually opposite directions and 
are mutually intersecting. 

1 4. The antenna device according to daim 1 0, wherein ss 
the inner conductor of said feeder line is electrically 
connected to said short-circuit metal plate. 



1 5. The antenna device according to claim 13. wherein 
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